Cancer-specific changes in DNA methylation reveal aberrant silencing and activation of enhancers in leukemia.
Acute myeloid leukemia (AML) is characterized by an impaired differentiation process leading to an accumulation of immature blasts in the blood. One feature of cytogenetically normal AML is alterations to the DNA methylome. We analyzed 57 AML patients with normal karyotype by using Illumina's 450k array and showed that aberrant DNA methylation is significantly altered at enhancer regions and that the methylation levels at specific enhancers predict overall survival of AML patients. The majority of sites that become differentially methylated in AML occur in regulatory elements of the human genome. Hypermethylation associates with enhancer silencing. In addition, chromatin immunoprecipitation sequencing analyses showed that a subset of hypomethylated sites correlate with enhancer activation, indicated by increased H3K27 acetylation. DNA hypomethylation is therefore not sufficient for enhancer activation. Some sites of hypomethylation occur at weak/poised enhancers marked with H3K4 monomethylation in hematopoietic progenitor cells. Other hypomethylated regions occur at sites inactive in progenitors and reflect the de novo acquisition of AML-specific enhancers. Altered enhancer dynamics are reflected in the gene expression of enhancer target genes, including genes involved in oncogenesis and blood cell development. This study demonstrates that histone variants and different histone modifications interact with aberrant DNA methylation and cause perturbed enhancer activity in cytogenetically normal AML that contributes to a leukemic transcriptome.